Abstract -We investigated a current flow mechanism in the Au−TiB x −n-GaN−i-Al 2 O 3 Schottky barrier diodes, in which space-charge region width is much over the de Broglie wavelength in GaN. An analysis of the temperature dependences of I−V curves of forward-biased Schottky barriers showed that, in the 80−380 K temperature range, current flow occurs as tunneling along dislocations crossing the space-charge region. The dislocation density ρ estimated from I−V curves (in accordance with the model of tunneling along the dislocation line) was ≈ 1.7×10 7 cm -2 .
I. Introduction
In recent years, an interest of the developers of microwave devices in the wide-gap semiconductor compounds of the trinitride group has increased considerably. This interest is dictated by a real possibility of development of various devices for extreme electronics. Gallium nitride is the most advanced material in this area. Its electrical characteristics are most suitable for development of heat-and radiation-resistant microwave diodes and transistors [1, 2] . However, in spite of many advantages of GaN, there is no native (gallium nitride) substrate material with area sufficient for mass production. GaN epitaxy on foreign substrates is accompanied with appearance of considerable (predominantly misfit) dislocation density [3, 4] . It was shown in a number of works by Evstropov et al. [5−8] dealing with III−V heterojunctions that current flow in them, even at room temperature, is due predominantly to dislocation-aided multiple tunneling, despite the fact that the heteropairs are formed with nondegenerate semiconductors. No such investigations have been made on GaN.
The object of our work was to investigate, in a wide (80−600 К) temperature range, the current flow mechanism in the forward-biased Schottky barrier diodes (SBDs) made on the basis of n-GaN−i-Al 2 O 3 heterostructure.
II. The Samples and Experimental Procedures
We studied Au−TiB x −n-GaN−i-Al 2 O 3 SBDs. The nGaN epitaxial layers (~1 µm thick) with donor concentration ~(1÷3)×10 17 cm -3 were grown at the Close Corporation "Elma-Malakhit" (Russia). At first an n + -GaN buffer layer ~3 µm thick was grown on the single-crystalline Al 2 O 3 (0001) substrates using metal-organic vaporphase epitaxy, and then an n-GaN layer was grown on it. The ohmic contacts were made on the basis of Au−TiB x −Al−Ti−n + -GaN metallization. The Au−Ti metallization was formed on the semi-insulating sapphire substrate for diode structure packaging. A diode structure chip is shown in Fig. 1 . Multilayer contacts were prepared using magnetron sputtering of atomic metals and quasi-amorphous TiB x alloy. The layer thicknesses were as follows: for the barrier contact -Au (3000 nm)−TiB x (100 nm); for the ohmic contact -Au (2500 nm)−TiB x (100 nm)-Al (500 nm)-Ti (50 nm); for the sapphire metallization -Au (3000 nm)-Ti (50 nm). The physicochemical properties of contact systems with a TiB x diffusion barrier were described in [9] . The diode chips (100 µm in diameter) were made as forward mesas using plasma-chemical etching. To investigate the current flow mechanisms, the diode chips were packaged, and the forward branches of SBD I−V curves were taken in the 80−600 K temperature range. The SBD C−V curves were taken at a temperature of 300 K. The main SBD parameters were calculated from the experimental I−V and C−V curves. 
III. Experimental Results and Discussion
3.1. Some model concepts. According to the dislocation model for tunnel current in the barrier structures made on the basis of nondegenerate semiconductors (pn junctions, SBDs, p-n heterojunctions), their I−V curves may be presented as [8] ( )
where
Is the saturation current density; q elementary charge; 
Here 
Experimental results. The forward branches of I−V curves of the Au−TiB x −n-GaN SBDs measured in the 80−600 K temperature range are shown in Fig. 2 . The temperature dependences of 0 I and η are given in Figs. 3 and 4 , while the C−V curve of this diode is presented in Fig. 5 . One can see that in the 80-350 K temperature range, the current flow mechanism is the tunnel one. This is evidenced by absence of temperature dependence of the characteristic tunneling energy in the temperature range considered (Fig. 4) and weak temperature dependence of the saturation current density (Fig. 3) . A decrease of the characteristic tunneling energy in the 350−600 K temperature range is due to considerable contribution from over-barrier current to current flow. Since the dependence This agrees rather good with the results of [4] where the dislocation density in the GaN layers (grown at the Close Corporation "Elma-Malakhit" (Russia) on sapphire using metal-organic vapor-phase epitaxy) determined by x-ray diffraction (XRD) technique was (1÷3)×10 8 cm -2 for different samples. A difference between the two ρ values is due to the fact that XRD technique determines the total density of structural defects in a sample, while only those defects (dislocations), which cross the spacecharge region (SCR) take part in current flow. known that W is determined as [11] ( ) 
IV. Conclusion
Thus our experimental data evidence that current flow in the forward-biased Au−TiB x −n-GaN SB, in the 80−380 K temperature range, occurs according to the tunnel mechanism, despite a wide-barrier contact structure ( ) λ >> W . The nature of this mechanism is related to the dislocations, which appear at the GaN/Al 2 O 3 interface in the course of GaN epitaxial growth and grow into the GaN epitaxial layer.
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